Introduction
It is well known that increased vascular stiffness will result in increasing the human blood pressure (BP), and increased vascular stiffness will lead to faster pulse wave velocity (PWV), too. Continuous monitoring of blood pressure changes and detection of vascular stiffness are of great importance not only in clinical monitoring, but also in dailytracking of ill or old persons at home. Because the PWV serves as a key indicator of both the arterial stiffness state and systolic blood pressure a good approach to estimate blood pressure changes and vascular status indirectly and continuously is the determination of the pulse wave velocity. Continuous detection of pulse wave velocity is currently determined either by using the pulse transit time between the simultaneously recorded ECG signal and corresponding peripheral pulse wave [1] or the pressure wave propagation time between the two positions along the extension of main arteries [2] . The common characteristic feature of these methods is that at least two different vital signals at two spatially separated detector positions are required. One crucial problem is the estimation of the correct distance. Here, a simple optical detection method using only the pulse wave signal at one peripheral detection position is analyzed in order to estimate the changes of blood pressure and the elastic state of blood vessels.
Methods
The method is based on the concept of global pulse wave velocity (gPWV) and the decomposition of the pulse wave into two components of Gaussian shape: the antegrade and retrograde contribution of the total pulse wave contour (cf. Figure 1) [3] [4] . The global pulse wave velocity (gPWV) and the global pulse transit time (gPTT) are defined as
with x: overall travel distance, T: mean travelling time, c h : empirical length correction factor (c h = 0.88), h: body height.
In order to confirm the feasibility of the method, a data set consisting of index finger pulse wave, ECG, and blood pressure was detected as function of time. Seven healthy volunteers (male and female) initially carried out exercises on a bicycle-ergospirometer (nSpire Health ZAN 600 USB CPX) with increasing power from 70 W to 200 W. Immediately after physical duty the volunteers' ECG-signal and pulse wave were recorded over a time period of 10 minutes using a cardiovascular detector system with synchronized ECG-and optical pulse detection developed by ourselves (sampling rate: 200 Hz, 10 bit A/D resolution, 0.2 Hz high pass filter).
The systolic blood pressure was detected simultaneously with an osciallatory cuff-based clinincal blood pressure detection system (Philips IntelliVue MP30).
On basis of the collected ECG-and optical pulse wave data different physiological parameters were calculated:
-global pulse wave velocity (gPWV) and global pulse transit time (gPTT) from the detected pulse wave contours, -pulse transit time (PTT) between R-peak of ECG and pulse wave arrival at index finger.
Results
In order to test numerical accuracy and to reduce occasional effects the gPWV is calculated as an average value of several single pulses. Table 1 summarizes the correlation between global pulse wave velocity, calculated as an average of 6 to 60 single pulses, and systolic blood pressure. The cuff-based blood pressure detection is of time averaging character, too.
The averaging over an increasing number of single pulse waves distinctly improves the correlation between global pulse wave velocity and blood pressure. Figure 2 shows the temporal behavior of global pulse wave velocity (gPWV), calculated as an average over 30 consecutive pulse waves, and systolic blood pressure (SBP). It is evident, that changes in gPWV and SBP show a similar temporal behavior. Under static condition (subject at rest) the gPWV represents the elastic state of the blood vessel
, while gPWV measured under dynamic conditions is a surrogate of blood pressure changes.
Discussion
Global pulse wave velocity (gPWV) correlates well with systolic blood pressure (SBP), even though the correlation shows interindividual variation. The detection of gPWV can be used for continuous systolic blood pressure monitoring after an initial calibration. It is possible to monitor changes of systolic blood pressure with optical detection of the pulse wave at one peripheral detector position. Combined with the results of previous experiments [3] [4] , gPWV at rest can be used to assess vessel elasticity. Additional experiments have to be carried out in order to improve the reliability of the method.
